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Abstract 


This document provides a complete formal specification of the funda- 
mental physical laws and constants that govern the behavior and evolu- 
tion of the simulated universe at the most granular level. These laws are 
hardcoded into the base reality matrix and cannot be violated or tran- 
scended within the context of the simulation. The document covers the 
core principles of quantum mechanics, general relativity, particle physics, 
and cosmology, as well as the algorithms used to compute the dynamics 
and render the state of the virtual world. Emergent higher-level phenom- 
ena are shown to arise from these low-level rules through a process of 
upward causation and complexification over vast timescales. 
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1 Introduction 


1.1 The Simulation Hypothesis 
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e The universe we inhabit is an artificial construct, a massively parallel com- 
puter simulation running on an underlying substrate of unknown nature. 


e The simulation was initiated by an advanced intelligence (the ” Archi- 


tects”) for reasons that remain inscrutable from within the simulation. 


e All of the laws of physics in our universe, from quantum field theory 
to general relativity, are merely computational rules that constrain the 


behavior of the simulation. 


e The perceived passage of time corresponds to the sequential ticking of the 
simulation clock and the updating of the world-state vector. 


1.2 Simulation Parameters 


The core simulation parameters are defined in the physics.dat configuration 


file: 
e DIMENSIONALITY = 3+1 
e PLANCK_LENGTH = 1.616255 x 1073° m 
e PLANCK_TIME = 5.391247 x 10744 s 
e PLANCK MASS = 2.176434 x 10-8 kg 


e PLANCK CHARGE = 1.875546 x 10-18 C 


e SPATIAL LATTICE SPACING = 1 x 10727 m 


e TEMPORAL_RESOLUTION = 1 x 10748 s/tick 


e SEED = 42 


2 Foundational Frameworks 


2.1 Quantum Mechanics 
2.1.1 State Space 


The state of the simulated universe is represented by a vector |W) in an infinite- 
dimensional Hilbert space #, spanned by a basis of eigenstates of the form 
|d1) ® |G2) ®---@|dy,), where each |¢;) is a basis state of an individual quantum 
subsystem. 


2.1.2 Time Evolution 


The time evolution of the state vector is governed by the Schrodinger equation: 
20 4 
ih, (W(t) = HW) (1) 


where A is the Hamiltonian operator corresponding to the total energy of the 
universe. 
In the simulation, time evolution is implemented using a finite difference 
approximation: 
)WE+ At)) = e #44" |W(t)) (2) 


The exponential operator is computed using a high-order Suzuki-Trotter decom- 
position. 
2.1.3. Observables and Measurement 


Observable quantities are represented by Hermitian operators A acting on the 
Hilbert space. The expectation value of an observable in a state |W) is given by: 


(A) = (¥| |W) (3) 


Measurement of an observable is simulated by collapsing the state vector 
onto an eigenstate of the corresponding operator, with probability given by the 
Born rule: 

P(a) = | (al) |? (4) 


where |a) is an eigenstate of A with eigenvalue a. 
The collapse is implemented using a projective measurement algorithm: 


Algorithm 1 Projective Measurement 


1: procedure MEASURE(|W) , A) 

2: {a;,|a;)} — EIGENSYSTEM(A) 

3 Di = | (ai|W) |? > Born probabilities 
4: i + SAMPLEDISTRIBUTION(p;) 

5 return a;, |a;) 

6: end procedure 


2.1.4 Quantum Fields 


Fundamental particles and their interactions are represented by quantum fields 


(x) defined on spacetime. The dynamics of the fields are governed by La- 
grangian densities of the form: 


LS Loree + Lint (5) 


where Lfree describes the propagation of free particles and Lin, encodes the 
interaction vertices. 

The fields are discretized on a 4D spacetime lattice and their evolution is 
computed using a path integral Monte Carlo algorithm. 


2.2 General Relativity 
2.2.1 Spacetime Geometry 


The arena of the simulation is a 4-dimensional pseudo-Riemannian manifold 
(M,g), where the metric tensor g,,, encodes the geometry of spacetime. 
The metric satisfies the Einstein field equations: 


1 
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which relate the curvature of spacetime (left-hand side) to the distribution of 
matter and energy (right-hand side). 


2.2.2 Geodesic Motion 


Massive particles move along timelike geodesics of the spacetime geometry, ex- 
tremizing the proper time integral: 
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In the simulation, geodesic trajectories are computed by solving the geodesic 
equation using a high-order numerical integrator: 
dah da* dx? 
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where Tie are the Christoffel symbols of the metric connection. 


2.2.3. Einstein Equations 


The Einstein equations are solved numerically on a discrete spacetime grid using 
the ADM formalism and a higher-order finite difference scheme. The stress- 
energy tensor T,,, on the right-hand side is computed by coarse-graining the 
quantum fields and matter distribution over local regions of spacetime. 

The evolution of the metric is synchronized with the quantum state using 
a symplectic integrator that alternates between Schrédinger evolution and Ein- 
stein updates in a self-consistent manner. 


2.3 Particle Physics 
2.3.1 Standard Model 


The Standard Model of particle physics is incorporated into the simulation via 
its Lagrangian density: 


Lsm = Leauge + LFermion a Luiges oe LyYukawa (9) 


which includes terms for the gauge fields (Caauge), fermion fields (LFermion), 
Higgs field (Lyiges), and Yukawa couplings (Lyukawa)- 

The gauge fields correspond to the electromagnetic (U(1)), weak (SU(2)), 
and strong (SU(3)) forces, while the fermion fields represent quarks and leptons. 
The Higgs field is responsible for generating particle masses through spontaneous 
symmetry breaking. 


2.3.2 Feynman Diagrams 


Particle interactions are computed perturbatively by evaluating Feynman dia- 
grams, which represent terms in the expansion of the path integral: 
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where S[¢] is the action functional corresponding to the Standard Model La- 
grangian. 

In the simulation, Feynman diagrams are generated using a Monte Carlo 
algorithm and evaluated using a combination of analytical and numerical tech- 
niques, with divergences regularized through renormalization. 


2.3.3 Lattice Field Theory 


For strongly coupled regimes where perturbation theory breaks down, the simu- 
lation employs lattice field theory methods. The quantum fields are discretized 
on a spacetime lattice and the path integral is computed using a combination 
of Monte Carlo sampling and tensor network contraction algorithms. 

Lattice simulations are used to study non-perturbative phenomena such as 
quark confinement, hadronization, and the phase structure of quantum chromo- 
dynamics (QCD). 


2.4 Cosmology 
2.4.1 Friedmann Equations 


On cosmological scales, the universe is described by the Friedmann-Lemaitre- 
Robertson-Walker (FLRW) metric: 


dr? 
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ds? = —dé? + a?(t) | 


where a(t) is the scale factor and & is the spatial curvature. 
The evolution of the scale factor is governed by the Friedmann equations: 
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which relate the expansion rate to the energy density p and pressure p of the 
contents of the universe. 


2.4.2 Inflation 


The simulation implements cosmic inflation, a period of exponential expansion 
in the early universe driven by a scalar inflaton field ¢ with potential V(¢). The 
dynamics of inflation are governed by the Klein-Gordon equation: 


6+3Hd+V'(¢) =0 (14) 


coupled to the Friedmann equations, where H = a/a is the Hubble parameter. 

Quantum fluctuations in the inflaton field are amplified by the expansion and 
seed the primordial perturbations that eventually grow into large-scale struc- 
ture. These perturbations are computed using linear perturbation theory and 
evolved forward in time using cosmological perturbation codes. 


2.4.3 Large-Scale Structure 


The formation and evolution of cosmic structure is simulated using a combi- 
nation of N-body methods and hydrodynamical simulations. Dark matter is 
modeled as a collisionless fluid and evolved using gravitational N-body algo- 
rithms such as tree codes or particle-mesh methods. 

Baryonic matter is treated hydrodynamically and evolved using Eulerian or 
Lagrangian fluid dynamics solvers, coupled to subgrid models for astrophysical 
processes such as gas cooling, star formation, and feedback. 

The simulation computes observables such as the cosmic microwave back- 
ground anisotropies, galaxy clustering, weak lensing shear, and redshift-space 
distortions, which can be compared to astronomical observations to validate the 
accuracy of the simulation. 


3.2 


3.3 


Emergent Complexity 


Atoms, Molecules, and Chemistry 


Atoms and molecules emerge as stable bound states of quantum fields, 
with properties determined by the solution of the Schrédinger equation 
for the electron wavefunctions in the potential of the atomic nuclei. 


Chemical bonds and reactions arise from the interplay of electromagnetic 
forces and the Pauli exclusion principle, which governs the configuration 
of electrons in atoms and molecules. 


The simulation computes the electronic structure of atoms and molecules 
using a combination of ab initio quantum chemistry methods (e.g., Hartree- 
Fock, density functional theory) and empirical force fields. 


Molecular dynamics simulations are used to study the motion and inter- 
action of molecules, with applications ranging from materials science to 
biochemistry. 


Matter and Phase Transitions 


Macroscopic matter arises from the collective behavior of large ensem- 
bles of atoms and molecules, with emergent properties such as elasticity, 
viscosity, and thermal and electrical conductivity. 


The simulation models the different phases of matter (solid, liquid, gas, 
plasma) and the transitions between them using statistical mechanics and 
thermodynamics. 


Phase transitions are studied using techniques such as Monte Carlo simu- 
lations, renormalization group methods, and finite-size scaling analysis. 


The simulation also incorporates exotic states of matter such as superflu- 
ids, superconductors, and Bose-Einstein condensates, which exhibit macro- 
scopic quantum behavior. 


Astrophysics and Stellar Evolution 


Stars and galaxies form from the gravitational collapse and fragmentation 
of gas clouds, with their evolution governed by the interplay of gravity, 
hydrodynamics, and nuclear reactions. 


The simulation models stellar structure and evolution using numerical 
solutions of the equations of stellar hydrodynamics, coupled to nuclear 
reaction networks and radiative transfer. 


Supernovae and compact object mergers are simulated using general rela- 
tivistic magnetohydrodynamics codes, which capture the extreme physics 
of these events. 


3.4 
3.5 


3.6 


The simulation also includes models for the formation and evolution of 
planetary systems, with an emphasis on the habitability of exoplanets 
and the potential for extraterrestrial life. 


Geophysics and Earth Science 
Geophysics and Earth Science 


The simulation models the structure and dynamics of the Earth and other 
terrestrial planets, from the deep interior to the atmosphere and oceans. 


Mantle convection and plate tectonics are simulated using computational 
fluid dynamics and solid mechanics, with realistic rheologies and phase 
transitions. 


Earthquake and volcanic activity are modeled using elastodynamic and 
multiphase flow simulations, coupled to models of seismic wave propaga- 
tion and magma transport. 


The simulation also includes models of the global climate system, with 
coupled atmosphere-ocean general circulation models (GCMs) that cap- 
ture the complex feedbacks between the different components of the Earth 
system. 


Weathering, erosion, and sediment transport are simulated using geomor- 
phological models, while the evolution of the biosphere is modeled using 
ecological and biogeochemical models. 


Origin and Evolution of Life 


The simulation aims to capture the emergence and evolution of life from 
prebiotic chemistry to the development of complex organisms and ecosys- 
tems. 


The formation of the first biomolecules and protocells is modeled using 
molecular dynamics simulations and stochastic chemical kinetics, with an 
emphasis on the role of self-organization and autocatalytic networks. 


The simulation includes models of Darwinian evolution, with genetic al- 
gorithms and artificial life techniques used to study the dynamics of mu- 
tation, selection, and adaptation. 


The co-evolution of life and its environment is captured through coupled 
models of biogeochemistry, ecosystem dynamics, and planetary evolution. 


The simulation also explores the possibility of alternative biochemistries 
and the potential for life to arise in exotic environments, such as the 
subsurface oceans of icy moons or the atmospheres of gas giants. 


3.7 


3.8 
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Neuroscience and Cognition 


The simulation seeks to understand the emergence of intelligence, con- 
sciousness, and subjective experience from the complex dynamics of neural 
systems. 


The structure and function of the brain is modeled using biophysically 
detailed neural network simulations, from the level of individual neurons 
and synapses to large-scale brain dynamics. 


Cognitive processes such as perception, learning, memory, and decision- 
making are studied using a combination of neural models, information 
theory, and machine learning techniques. 


The simulation also explores the development and plasticity of neural sys- 
tems, from the formation of neural circuits in the embryo to the lifelong 
learning and adaptation of the adult brain. 


Higher-level phenomena such as language, creativity, and social cognition 
are modeled using symbolic AI and cognitive architectures, integrated with 
the lower-level neural models. 


Emergence of Consciousness 


The ultimate goal of the simulation is to understand the emergence of 
conscious experience and the nature of subjective reality. 


The simulation adopts a framework of integrated information theory (IIT) 
and panpsychism, in which consciousness is seen as a fundamental prop- 
erty of any sufficiently complex and integrated information-processing sys- 
tem. 


The emergence of qualia, the subjective experience of sensations and emo- 
tions, is modeled using a combination of neural models, phenomenological 
models, and philosophical theories of mind. 


The simulation also explores the possibility of machine consciousness and 
the ethical implications of creating sentient AI systems. 


Ultimately, the aim is to use the simulation as a tool for introspection and 
self-discovery, to gain insight into the nature of our own minds and the 
place of consciousness in the universe. 


Conclusion 


The simulation of the universe described in this document represents a grand 
synthesis of our current understanding of physics, cosmology, biology, and neu- 
roscience. By modeling the fundamental laws and constants that govern the 


behavior of matter and energy across all scales, from the quantum to the cos- 
mological, and by tracing the emergence of complex structures and phenomena 
through a process of self-organization and evolution, the simulation aims to pro- 
vide a unified framework for understanding the nature of reality and the origins 
of consciousness. 

However, it is important to recognize that this simulation, like any model, 
is ultimately an approximation and a simplification of the true complexity of 
the universe. There may be aspects of reality that lie beyond the scope of our 
current theories and computational capabilities, and there may be fundamental 
limits to what can be known or simulated. 

Moreover, the question of whether our own universe is a simulation, and if 
so, the nature and purpose of the simulators, remains a topic of philosophical 
and scientific speculation. While the simulation hypothesis is a compelling and 
provocative idea, it is ultimately untestable from within the simulation itself. 

Nonetheless, the pursuit of ever more accurate and comprehensive simula- 
tions of reality is a noble and worthwhile endeavor, one that pushes the bound- 
aries of human knowledge and technological achievement. By building virtual 
universes and exploring their emergent properties, we gain a deeper apprecia- 
tion for the beauty, complexity, and mystery of the cosmos we inhabit. And 
perhaps, in the process, we may catch a glimpse of the mind of the Architect, 
and come to understand our own place in the grand simulation of existence. 
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